Fluid milk consumed in conjunction with resistance training (RT) provides additional protein and calcium, which may enhance the effect of RT on body composition. However, the literature on this topic is inconsistent with limited data in adolescents. Therefore, we examined the effects of a supervised RT program (6 mo, 3 d/ wk, 7 exercises, 40-85% 1-repetition maximum) with daily milk supplementation (24 oz/day, one 16-oz dose immediately post-RT) on weight, fat mass (FM), and fat-free mass (FFM) assessed via dual-energy X-ray absorptiometry (baseline, 3 mo, 6 mo) in a sample of middle-school students who were randomly assigned to 1 of 3 supplement groups: milk, isocaloric carbohydrate (100% fruit juice), or water (control). Thirty-nine boys and 69 girls (mean age = 13.6 yr, mean BMI percentile = 85th) completed the study: milk n = 36, juice n = 34, water n = 38. The results showed no significant differences between groups for change in body weight (milk = 3.4 ± 3.7 kg, juice = 4.2 ± 3.1 kg, water = 2.3 ± 2.9 kg), FM (milk = 1.1 ± 2.8 kg, juice = 1.6 ± 2.5 kg, water = 0.4 ± 3.6 kg), or FFM (milk = 2.2 ± 1.9 kg, juice = 2.7 ± 1.9 kg, water = 1.7 ± 2.9 kg) over 6 mo. FFM accounted for a high proportion of the increased weight (milk = 62%, juice = 64%, water = 74%). These results from a sample of predominantly overweight adolescents do not support the hypothesis that RT with milk supplementation enhances changes in body composition compared with RT alone.
Position statements from numerous professional organizations, including the American Academy of Pediatrics (American Academy of Pediatrics Council on Sports Medicine and Fitness, 2008) , the National Strength and Conditioning Association (Faigenbaum et al., 2009) , and the Canadian Society for Exercise Physiology (Behm, Faigenbaum, Falk, & Klentrou, 2008) , indicate that resistance training (RT) is a safe and effective approach for improving muscle fitness and athletic performance and for increasing fat-free mass (Behringer, vom Heede, Yue, & Mester, 2010; Benson, Torode, & Fiatarone Singh, 2008) in children and adolescents. Fat-free mass (FFM) is the primary determinant of resting energy expenditure and an important site for both lipid and glucose oxidation (Donnelly et al., 2003) . Protein supplementation taken in proximity to the completion of an RT session has resulted in augmentation of FFM and reductions in fat mass (FM) in both young (21-30 years) and older adults (65+ years) in some (Hartman et al., 2007; Josse, Tang, Tarnopolsky, & Phillips, 2010; Kerksick et al., 2006; Willoughby, Stout, & Wilborn, 2006) but not all studies (Burk, Timpmann, Medijainen, Vahi, & Oopik, 2009; Kukuljan, Nowson, Sanders, & Daly, 2009; Rankin et al., 2004; Thomas, Wideman, & Lovelady, 2011; Verdijk et al., 2009; Volek et al., 2003; White, Baurer, Hartz, & Baldridge, 2009) .
The discrepant results have been attributed to differences in the amount and source of protein, habitual protein intake, timing of consumption relative to RT, and the length as well as supervision and documentation of the supplement and RT programs (Phillips, Tang, & Moore, 2009) . It has been suggested that fluid milk may be an ideal protein source as it supplies both a fast protein (whey) to stimulate muscle protein synthesis and a slow protein (casein) to maintain aminoacidemia during an elevated postexercise protein synthesis state (Dangin et al., 2001) , as well as carbohydrate to increase insulin, which may in turn stimulate muscle protein synthesis with (Lee et al., 2004) or without (O'Connor et al., 2003) inhibition of muscle protein breakdown.
Currently, a limited number of both acute (Elliot, Cree, Sanford, Wolfe, & Tipton, 2006; and longer term training studies (Hartman et al., 2007; Rankin et al., 2004) conducted in young adults (21-30 years) and older men (Kukuljan et al., 2009) have evaluated the effects of fluid-milk consumption on muscle protein metabolism and body composition with mixed results. While the results from acute studies suggest that milk consumption following RT results in a positive muscle protein balance (Elliot et al., 2006; , the results from training studies conflict with regard to the impact on body composition (Hartman et al., 2007; Josse et al., 2010; Kukuljan et al., 2009; Rankin et al., 2004) . To date, the only study on RT with milk supplementation conducted in adolescents (boys 13-17 years) reported no significant differences for change in FFM between groups consuming three servings per day of 1% fluid milk versus juice in conjunction with a 12-week progressive RT program (Volek et al., 2003) .
In addition to protein, milk provides calcium, which has been associated with increased loss of FM in adults in some studies-particularly when combined with energy restriction or low baseline calcium levels (Abargouei, Janghorbani, Salehi-Marzijarani, & Esmaillzadeh, 2012; Josse, Atkinson, Tranopolsky, & Phillips, 2011; Major et al., 2008; Shahar et al., 2010 )-but not others (Dougkas, Reynolds, Given, Elwood, & Minihane, 2011; Onakpoya, Perry, Zhang, & Ernst, 2011; Smilowitz et al., 2011; Soares, Chan She Ping-Delfos, & Ghanbari, 2011; Venti, Tataranni, & Salbe, 2005) . The evidence suggests that the impact of calcium on FM is enhanced in adults with lower daily calcium intake (Major, Alarie, Dore, & Tremblay, 2009; Tremblay & Gilbert, 2011; Wagner, Kindrick, Hertzler, & DiSilvestro, 2007) .
In children and adolescents, cross-sectional (Barba, Troiano, Russo, Venezia, & Siani, 2005; Moore, Singer, Qureshi, & Bradlee, 2008) and longitudinal data ( Vanselow, Pereira, Neumark-Sztainer, & Raatz, 2009 ) suggest that high dairy intake is associated with lower body FM. However, a randomized crossover trial of overweight and obese adolescents by Weaver et al. (2011) reported no effect of doubling calcium intake on metabolic changes that would improve body weight or composition. Most studies reporting the impact of increased dairy consumption combined with RT on FM in adolescents, including the study of Volek et al. (2003) , reported no effect (Kukuljan et al., 2009; Rankin et al., 2004; Thomas et al., 2011; White, Baurer, et al., 2009) ; however, there are exceptions (Hartman et al., 2007; Josse et al., 2010) . Given the lack of consistency among studies and the limited data specific to adolescents, we evaluated the effects of increasing fluid-milk consumption in conjunction with RT on body composition in a 6-month supervised and randomized trial with a sample of healthy normal and overweight adolescent boys and girls not meeting dairy and calcium intake requirements. The combination of RT with increased milk consumption was expected to maximize the body-composition changes associated with RT.
Methods

Study Overview
From two middle schools (Grades 7-9) in greater Kansas City, KS, 146 boys and girls were recruited through physical education programs. Participants were stratified by gender (50% boys, 50% girls) and body-mass index (BMI; ≤ 85th, >85th percentile) and randomized to one of three supplement groups: milk, isocaloric carbohydrate (juice), or water (control). All participants completed a 6-month progressive RT protocol (3 days/week). Outcome assessments for height and weight, body composition, waist circumference, muscle strength, daily physical activity, and energy/macronutrient intake were obtained at baseline, 3 months, and 6 months. Milk supplementation was expected to result in more favorable changes in FFM and FM compared with RT + carbohydrate and control.
Participant Selection
Potential participants completed an eligibility questionnaire and health history survey and provided a blood sample that was screened for values outside the normal range for triglycerides (<150 mg/dl), glucose (70-110 mg/dl), total cholesterol (<170 mg/dl), HDL cholesterol (>40 mg/dl), LDL cholesterol (<110 mg/dl), and insulin (<2-27 μU/ml). Participants with values outside the normal range on the screening blood sample (n = 12), were required to obtain physician consent before participation. Participants were excluded if they had a BMI ≤50th or ≥99th percentile, participated in RT in the previous 12 months, performed more than 3 hr/week of endurance training (running, cycling, or swimming), were not weight stable (± 4.5 kg) for the previous 3 months, used tobacco products or weightaltering products or medications that could affect metabolism, had an eating disorder, depression, psychiatric illness, specialized diet regimes, food allergies or lactose intolerance, and dietary intake of more than 1,000 mg calcium and more than 1.5 8-oz servings of milk per day as assessed from three 24-hr diet recalls (2 weekdays, 1 weekend day). We chose to study adolescents with calcium intakes less than the level recommended for adolescents (1,300 mg/day; Food and Nutrition Board, 2010), as evidence in adults suggests that the impact of calcium on FM is enhanced in those with lower daily calcium intake (Major et al., 2009; Tremblay & Gilbert, 2011; Wagner et al., 2007) . The study protocol was approved by the human subjects committees at both the University of Kansas Medical Center and the University of Kansas-Lawrence. Written parental informed consent and student assent were obtained before participation in the study.
RT Protocol
RT sessions were supervised by trained research staff and were performed 3 days/week for a 6-month period during regularly scheduled physical education classes. The progressive, periodized RT protocol was designed in accordance with guidelines for youth by the National Strength and Conditioning Association (Faigenbaum et al., 2009) . Participants completed seven resistance exercises-bench press, shoulder press, lat pull, leg press, leg curl, back extension, and abdominal crunch-using Paramount Advanced Performance weight-stack equipment (Paramount Fitness, Inc., Los Angeles, CA). To provide maximal muscle loading, all lifts were performed in ~6 s (2 s concentric, 4 s eccentric). Rest intervals were 30 s between sets and 1 min between exercises. The last set for each exercise was performed to failure. During the first 2 weeks of training (six sessions), participants performed all exercises using a self-selected minimal resistance. The resistance during the first 2 weeks was intentionally light to allow participants to accommodate to the equipment and the unaccustomed exercise and progressed gradually to reduce muscle soreness and prevent injury. At the beginning of the third week of training, participants were evaluated for maximal strength (onerepetition maximum [1-RM]) for bench press, shoulder press, lat pull, leg press, and leg curl to determine initial training load. 1-RM tests were not performed for the back extension and abdominal crunch for safety reasons; the back extension was performed without weight, and the training load for the abdominal crunch was based on the self-selected weight during the initial 2-week training period. Training load for each exercise was adjusted at the beginning of each 4-week cycle based on assessment of 1-RM (Table 1) . RT sessions required 30-40 min to complete. Compliance to the RT protocol was defined at the outset of the study as attending at least 80% of the RT sessions.
Supplementation Protocol
This study compared the effects of three supplements: fat-free chocolate and white low-fat milk (1%); an isocalorically matched volume of apple, orange, or grape juice; and bottled water (control). The milk group consumed 16 fluid oz of fat-free chocolate milk (16 g protein, 280 kcals) immediately after completion of RT and 8 fluid oz of low-fat white milk (8 g protein, 100 kcal) at lunch on RT days (3 days/week). The two milk types were alternated to provide variety to increase compliance with the beverage protocol. On non-RT school days (2 days/ week), the milk group consumed 16 fluid oz of low-fat white milk (16 g protein, 200 kcal) before their first class and 8 fluid oz of fat-free chocolate milk (8 g protein, 140 kcal) at lunch. Both juice and water were consumed on the same schedule. The juice group was provided with flavor options, and different volume combinations (4 oz and 6 oz) were used to match the caloric level of the milk group (per 4 oz, the apple juice contained 0 g protein and 60 kcal, the orange juice contained 1 g protein and 60 kcal, and the grape juice contained 0 g protein and 90 kcal). The water group consumed 24 fluid oz each day (16 ounces post-RT, 8 oz at lunch) to match the fluid volume consumed by the milk group. On Fridays, participants were provided an insulated cooler with supplements, which they were asked to consume in two doses (total 24 fluid oz, 12 oz chocolate, 12 oz white) on each weekend day. Supplement compliance during weekdays was directly observed by study staff (71% of all possible doses) and was obtained by self-report on weekends. Participants received gift cards ($10 value) as weekly incentives for compliance to both the supplement and RT protocols. Compliance with the supplement protocol was defined at the outset of the study as consuming at least 80% of the prescribed supplements, and separate analyses were performed to examine differences in primary outcome measures for the completers versus those who were compliant with the protocol.
Outcome Assessments
Outcome measures-including height and weight, body composition, waist circumference, muscle strength, daily physical activity, and energy/macronutrient intake-were assessed at baseline, 3 months, and 6 months. Participants were asked to fast overnight before completing laboratory assessments (height and weight, body composition, and waist circumference) between 7 and 9 a.m. in the Clinical and Translational Science Unit (CTSU) at the University of Kansas Medical Center (Kansas City, KS). Body-composition assessments were obtained by trained research staff blinded to study-group assignment. Transportation to and from the CTSU and the participant's school was provided by the study. Breakfast (bagel, fresh fruit, and juice) was provided after completion of the laboratory assessments. Muscle strength was assessed using RT equipment located in the schools.
Anthropometrics and Body Composition. Body weight was measured using a digital scale accurate to ± 0.1 kg (PS6600, Befour Inc., Saukville, WI), with participants wearing a standard hospital gown after attempting to void. Height was measured using a stadiometer (PE-WM-60-84, Perspective Enterprises, Portage, MI). BMI was calculated as weight (kg)/height (m 2 ). BMI percentile was calculated using the software available through the Centers for Disease Control and Prevention (Kuczmarski, Ogden, & Guo, 2002) . Waist circumference was measured using the procedures of Lohman, Roche, and Martorell (1988) . Two measures were obtained and averaged if they differed by less than Muscle Strength. Bench-press and leg-press 1-RM were assessed using Paramount Performance weightstack equipment located at the school and the protocol described by Lemmer et al. (2001) . These assessments were conducted on a separate day from the assessment of 1-RM on shoulder press, lat pull, and leg curl, which were used only as a basis for prescribing training resistance as previously described. Baseline strength assessments were obtained following a 2-week period of RT (six sessions) against self-selected minimal resistance to eliminate the impact of strength changes to early neuromuscular adaptation. The order of testing (bench vs. leg press) was randomly assigned at baseline and maintained for 3-and 6-month assessments. Participants completed a light warm-up of five repetitions against minimal resistance before the 1-RM assessments. A resistance estimated to be just below the participant's 1-RM strength was chosen, and participants were asked to lift the weight one time through the full range of motion. If the lift was completed successfully, the resistance was increased (minimum increment of 2.5 lb (~1.1 kg) and another attempt made following a rest period of at least 1 min. The process continued until the subject was unable to lift the prescribed resistance with the highest weight lifted recorded as 1-RM.
Daily Physical Activity. Participants wore an ActiGraph GT1M portable accelerometer (ActiGraph LLC, Pensacola, FL) over the nondominant hip over 7 consecutive days at each assessment time point. Accelerometer data were collected in 1-min epochs, with a minimum of 10 hr constituting a valid monitored day. The main outcome variable was the average ActiGraph counts/minute over the 7-day period. In addition, the average number of minutes per day over 7 days spent in moderate (3-6 METs) and vigorous (>6 METs) physical activity was calculated using the age-specific count-perminute cut points developed by Freedson, published by Trost et al. (2002) , and used in large-scale studies such as NHANES . Actigraph data reduction and analysis was performed using an SAS macro developed by a coinvestigator (J.L.).
Dietary Assessment. Outside of the prescribed supplements, participants were instructed to maintain their usual dietary intake over the course of the study, which was verified by 24-hr dietary recalls obtained by a registered dietitian (3 days, including 1 weekend day and 2 weekdays). The nutrient content of the recall data was determined using Nutrition Data System for Research (NDS-R Version 2010, University of Minnesota, Minneapolis, MN).
Statistical Analysis
Sample size was estimated using the SAS power procedure for a design with one between-subjects factor (group: RT + milk, RT + juice, RT + water) and one within-subjects factor (time: baseline, 6 months). Our achieved sample size provided 80% power to detect a medium difference (Glass's Δ = 0.75) in FFM among groups with an alpha level of .05, and assuming a correlation between repeated measures as high as .60. Baseline measures and demographic characteristics were summarized using means and SD for continuous variables and frequencies and percentages for categorical variables. Mixed modeling was used to account for interdependency of the data, as outcomes were repeatedly measured at baseline, 3 months, and 6 months. Group differences and linear changes over time were estimated for each outcome along with autoregressive error correlations that provided better model fit than other error covariance structures according to Akaike information criterion and Bayesian information criterion (Bozdogan, 2000) . Models also included age, gender, study site, and baseline values as covariates to account for differences in these factors and thereby improve the precision of the treatment effect estimates. Separate analyses were performed for the completers and the sample of participants who were compliant with the supplement and RT protocol. When the omnibus group difference was significant at .05 alpha level, pairwise comparisons of adjusted means were performed using Bonferroni correction for inflated Type I error. All analyses were conducted using SAS 9.2 (SAS Institute, 2002 .
Results
One hundred eight of the 136 participants (79%) randomized to one of the three supplement groups completed the study (Figure 1 ). There were no adverse events associated with participation in this study. The rate of study completion was similar across intervention groups (milk = 77%, juice = 79%, water = 83%; p = .95). There were no significant differences for age, gender, or minority percentage between those who completed (n = 108) and those who did not complete (n = 28) the study protocol. In addition, there were no significant differences in baseline characteristics by supplement group for the 108 participants who completed the study ( Table  2 ). The sample consisted of 64% girls, 86% minorities, and 39% normal-weight subjects (≤85th BMI percentile). Compliance with both the supplement and RT protocols is presented in Table 3 . Eighty-nine of 108 participants (82%) met the compliance criteria; therefore, separate analyses were performed for the 108 participants who completed the study and 89 participants who were compliant with the study protocol.
Anthropometrics and Body Composition
Total Sample. Body weight increased significantly over the 6-month intervention in all supplement groups as would be expected in a sample of growing adolescents (Table 4) . However, there were no significant differences in weight gain between supplement groups. A high proportion of the increased weight was due to increased FFM (milk = 62%, juice = 64%, water = 74%). Similar to the results for body weight, there were significant increases in both FM and FFM, with no significant differences between supplement groups. The increase in both FM and FFM resulted in no significant change in percent body fat from baseline to 6 months, with no significant differences between supplement groups. No significant differences were noted for change in waist circumference over the course of the intervention or by supplement group. Results for the per-protocol analyses were similar to those on all completers with the exception a small (-0.4%) but statistically significant (p = .03) reduction over 6 months in percent fat across all three supplement groups.
Boys. Similar to the results for the total sample, body weight for boys increased over 6 months with no significant differences in weight gain between supplement groups (Table 5) . As in the total sample, a high proportion of the increased weight was a result of increased FFM (milk = 75%, juice = 77%, water = >100% due to decreased FM). There were significant betweengroups differences for change in FM and percent fat. FM increased in both the milk (1.3 kg) and juice groups (1.2 kg) and decreased in the water group (-1.9 kg; p = .04). None of the pairwise comparisons for change in FM were statistically significant; however, the comparisons between the milk and water groups were nearly significant (Bonferroni p = .054). Percent fat was unchanged in the juice group and decreased in both the milk (-0.2%) and water groups (-2.8%; p = .04). None of the pairwise comparisons for change in percent fat were statistically significant; however, the milk/water comparisons were nearly significant (Bonferroni p = .059). No significant differences were noted for change in waist circumference over the course of the intervention or by supplement group. The group differences for change in FM and percent fat were not found in the per-protocol analysis.
Results from the analysis for boys should be cautiously interpreted due to the small sample size: all completers (milk = 13, juice = 14, water = 12) and per protocol (milk = 9, juice = 11, water = 11).
Girls. Similar to the results for the total sample and for boys, body weight in girls increased over 6 months, with no significant differences in weight gain between supplement groups (Table 5) . However, the proportion of the weight increase resulting from increased FFM was smaller in girls (milk = 52%, juice = 51%, water = 25%) than in boys. Significant increases in FM, but not FFM, were noted over the 6-month intervention, with no significant overall effect of supplement groups. However, a significant pairwise comparison (Bonferroni p = .02) for change in FFM between the juice (1.2 kg) and water (0.5 kg) groups was noted. There were no differences between supplement groups for change in percent fat, BMI percentile, or waist circumference. The results from the per-protocol analysis in girls were similar to the analysis on all completers. However, significant differences in FFM by both time and group were noted in the per-protocol but not the total-sample analysis. Pairwise comparisons indicated that the increase in FFM was significantly greater (Bonferroni p = .04) in the juice (1.7 kg) than in the water groups (0.5 kg), with no significant difference between the milk (1.4 kg) and water or milk and juice groups.
Muscle Strength. Significant increases (p < .001) were observed in both leg-press and bench-press strength in the total sample and in both boy and girls (Table 6 ). However, no significant differences were noted for change in strength between supplement groups. Similarly, no significant between-groups differences were observed in the per-protocol analyses.
Energy and Macronutrient Intake. As anticipated, there were significant differences for changes in daily energy intake by supplement group (p = .002; Figure  2 ). Pairwise comparisons indicated that the change in energy intake in both the milk (337 kcal/day) and juice (303 kcal/day) groups was significantly greater than in the water group (-16 kcal/day), but milk and juice were not significantly different from each other. At 6 months, the mean protein intake was 74, 65, and 56 g/day, which was 1.10, 0.94, and 0.86 g/kg body weight per day and represented 16%, 13%, and 15% of total daily energy intake in the milk, juice, and water groups, respectively. The change in absolute protein intake (g/day) was significantly higher in the milk (19.8 g/day) than in the water group (1.8 g/day; Bonferroni p = .008). However, the change in absolute protein intake did not differ between the milk and juice or the water and juice groups. Protein (as a percent of total energy intake) increased in the milk (1.3%) and water (0.5%) groups and decreased in the juice group (-1.4%). Pairwise comparisons indicated that the change in protein as a percentage of energy intake in both the milk (Bonferroni p = .002) and water (Bonferroni p < .001) groups was significantly different from the juice group. At 6 months the mean carbohydrate intake was 241, 268, and 183 g/day, which represented 52%, 55%, and 49% of total daily energy intake for the milk, juice, and water groups, respectively. The change in carbohydrate intake (both in grams and percentage of total energy intake) was significantly different in milk (39 g, -0.4%) and juice (51 g, 3.2%) compared with the water group (15 g, 15%), all Bonferroni p < .001.
At 6 months, the mean fat intake was 70, 73 and 60 g/day, which represented 32%, 32%, and 36% of total daily energy intake in the milk, juice, and water groups, respectively. There were no significant differences in absolute fat intake (g/day) by time or group; however the change in fat intake as a percent of total energy intake in both the milk (-0.8%) and the juice (-1.7%) groups was significantly different from the water group (3.3%), both Bonferroni p < .001.
As expected, both the number of milk servings per day and calcium intake (mg/day) increased significantly in the milk group (+1.7 servings/day, +456 mg/day from baseline) compared with both the juice (-0.2 servings/ day, 26 mg/day) and water groups (-0.1 servings/day, 16 mg/day), all Bonferroni p < .001. As shown in Figure  2 , the milk group increased calcium intake from to 618 mg/day at baseline to 1,074 mg/day at 6 months. The results from the per-protocol analysis on dietary-intake data were similar to those conducted on all participants.
Daily Physical Activity. Moderate to vigorous physical activity (MVPA), as measured by accelerometer using baseline MVPA as a covariate, increased significantly across time (p < .001); however, no between-groups differences for change in physical activity were observed. MVPA was lower at months 3 and 6 than at baseline, but the 6-month value was higher than the 3-month value, resulting in the significant increase. Decreased physical activity was likely a function of seasonal variation and changes in sport participation. The results from the perprotocol analysis on physical activity data were similar to those from those conducted on all completers.
Discussion
The results of this 6-month randomized trial suggest that supplementing RT with protein in the form of fluid milk does not augment changes in weight or body composition in a sample of predominantly overweight and obese (61.1% above 85th BMI percentile) adolescents. These results were contrary to our hypothesis. They are, however, in agreement with a number of reports in the literature on both young and older adults that did not demonstrate additional benefits of protein supplementation in various forms (amino acids, yogurt, milk) during RT on body composition (Burk et al., 2009; Fiatarone et al., 1994; Godard, Williamson, & Trappe, 2002; Iglay, Thyfault, Apolzan, & Campbell, 2007; Kukuljan et al., 2009; Rankin et al., 2004; Thomas et al., 2011; Verdijk et al., 2009; Volek et al., 2003; White, Bauer, Hartz, & Baldridge, 2009 ).
We observed no significant impact of milk supplementation with RT on body composition despite considerable literature describing acute effect studies that suggests that muscle protein balance can be increased substantially by the ingestion of protein before or immediately following RT (Elliot et al., 2006; Miller, Tipton, Chinkes, Wolf, & Wolfe, 2003; Rasmussen, Tipton, Miller, Wolf, & Wolfe, 2000; Tipton et al., 2006; West et al., 2011; . Potential explanations for a lack of positive impact of milk supplementation on body composition in the current study include participants' habitual protein intake and an inadequate protein dose consumed following RT sessions. The average baseline protein intake across the three supplement groups was 56 g/day, which exceeds the recommended protein intake for adolescent boys and girls (34 g/day or 0.95 g · day -1 · kg -1 ) age 9-13 years (Food and Nutrition Board, 2005) . Although data are not available for adolescents, results from studies in older adults suggest that increases in FFM and strength associated with RT are not enhanced when protein intake is increased in individuals with adequate habitual protein intake (Campbell & Leidy, 2007) .
A recent review on the role of dietary protein with RT on muscle mass suggests that the optimal prescription for the stimulation of muscle protein synthesis would consist of at least 25 g of high-quality protein, such as fluid milk, consumed as soon as possible postexercise (Phillips, 2011) . The two studies that have demonstrated significantly augmented FFM associated with milk consumption provided 18 g of protein immediately post-RT and an additional 18 g of protein 1 hr post-RT (Hartman et al., 2007; Josse et al., 2010) , 5 days/week. In the current study, participants were supplemented with fluid milk containing 16 g of protein immediately post-RT (3 days/week) and a supplement total of 24 g of milk protein 7 days/week. Therefore, although the total amount of supplemental protein in our study was high (24 g/ day), the amount of protein consumed in proximity to RT was only 16 g and the RT sessions were conducted 3 days/week, which may have been insufficient to induce increased FFM in the milk compared with the juice and water groups. It is also noteworthy that the only other trial to investigate the impact of milk supplementation with RT in adolescents (boys 13-17 years old) showed no differences for change in either FM or FFM using a milk supplement protocol that provided approximately 48 g of protein immediately post-RT, which was conducted 3 days/week for 12 weeks (Volek et al., 2003) . These results suggest that 5-day/week RT protocols, which provide more protein consumption in proximity to RT, may be most beneficial for inducing favorable changes in body composition. Alternatively, this population may require a larger amount of protein due to growth and development, and the amount for optimal RT-related gains in muscle mass during growth is not known. Although not statistically significant (p = .07), we observed greater increases in FFM in the juice (2.7 kg) compared with the water group (1.7 kg) despite a small increase in total protein intake (5 g/day) in the juice group. We speculate that this difference may be the result of higher levels of energy intake (~474 kcal/day) in the juice compared with the water group. This notion is supported by studies that have demonstrated that total energy intake is an important factor in affecting change in body composition with RT (Kreider et al., 1996; Rozenek, Ward, Long, & Garhammer, 2002) . The role of energy intake as a moderator in the relationship between body composition and RT may be especially relevant in growing adolescents and is worthy of further investigation.
We observed no significant effect of increased calcium intake in combination with RT on changes in FM, which is consistent with the only other study on milk consumption during RT in adolescents (Volek et al., 2003) , as well as with studies in other age groups of both men and women (Kukuljan et al., 2009; Rankin et al., 2004; Thomas et al., 2011; White, Bauer, et al., 2009) . It has been suggested that the impact of dairy calcium on FM is enhanced in individuals with low baseline calcium intake (Major et al., 2009; Tremblay & Gilbert, 2011; Wagner et al., 2007) . However, we failed to find an effect of calcium intake on FM in the current study, where baseline calcium intake (~622 mg/day) was below the recommended level for this age group (1,300 mg/day; Food and Nutrition Board, 2010) and was increased to ~1,000 mg/day at 6 months, which may have been insufficient to produce an effect. Evidence for this supposition is provided by two studies demonstrating reductions in FM from milk supplementation in conjunction with RT with higher levels of calcium consumption (1,696 and 1,561 mg/day; Hartman et al., 2007; Josse et al., 2010) than in the current study.
As expected in a sample of growing adolescents, body weight increased in all study groups; however, no significant between-group differences were observed. This suggests that the additional energy intake associated with the milk and juice supplements (~300 kcal/day) did not promote excessive weight gain when combined with RT, yet the participants in the milk group may accrue positive health benefits associated with increased milk consumption. In addition, the weight gain in all groups was predominantly a function of increased FFM, and the body-fat percentage did not change significantly over time in any of the intervention groups. Therefore, milk supplementation can be recommended in conjunction with RT in adolescents without risking negative effects on body composition.
Strengths of this study include a randomized design, inclusion of both genders, documentation of daily physical activity, and a long intervention period with direct supervision of both the RT and supplement protocol; however, there are several limitations in interpreting the results. While the study was adequately powered when designed, the variability in the data was higher than expected, and post hoc analysis of the main outcomes revealed that they were underpowered. Post hoc analysis also revealed that the achieved power for the gender analysis was far below the desired level of .80 (weight comparison: boys = 0.49, girls = 0.41). As discussed previously, the amount of protein and the frequency with which the protein was consumed relative to completion of RT sessions may have been inadequate to induce significant changes in body composition. Additional studies in adolescents with increased frequency of RT (i.e., 5 days/week) and volume of fluid milk (i.e., at least 20 g of protein immediately post-RT) are warranted. Furthermore, we did not control for energy intake outside of the supplement protocol; thus, additional protein or dairy consumption could be a potential confounder. The study sample comprised 86% minorities, of which ~47% were African American. We are unaware of studies that have evaluated the impact of protein supplements with RT on body composition in minority samples; thus, the degree to which the sample demographics affected our results is unknown. Finally, pubertal status affects both body composition and trainability, and because it was not assessed, we do not know the extent to which it may have affected the results. For instance, onset of puberty during the study and the resultant availability of anabolic hormones would affect a participant's response to the training stimulus. During puberty, hormonal fluctuations and growth in body size are accompanied by drastic changes in body composition (R.M. Siervogel et al., 2003) . Pubertal status may partially explain the result of increased FM in the girls, as FM increases more slowly in boys due to simultaneous rapid increases in FFM (Siervogel et al., 2000) . Future studies on RT in adolescents would benefit by assessing and controlling for pubertal status.
In conclusion, our results in a sample of predominantly overweight adolescents do not support the hypothesis that RT with fluid-milk supplementation enhances changes in body composition compared with RT alone. Additional investigations that employ a higher frequency of RT and a higher amount of milk supplementation consumed in close proximity to RT sessions than employed in the current study of the role of milk supplementation are warranted.
